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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has be n translated by computer.So th translati n may not reflect the original precisely. 

2. **** shows th word which can not be translat d. 
3.1n the drawings, any words ar not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] In the method of growing up the crystal of n type gallium-nitride system compound semiconductor (InXAIYGa1-X- 
YN, 0 <=X. 0<=Y. X+Y<=1 ) into a substrate front face through direct or a buffer layer by the vapor growth second n type 
gallium-nitride system compound semiconductor layer (a~bN InaAlbGal-) from which the n type gallium-nitride system 
compound semiconductor layer and composition differ during the aforementioned n type gallium-nitride system compound 
s miconductor layer growth 0<=a. 0<=b, the crystal-growth method of n type gallium-nitride system compound 
semiconductor characterized by growing up a+b<=1 above further at least. 

[Claim 2] The crystal-growth method of n type gallium-nitride system compound semiconductor according to claim 1 
characterized by neighboring thickness being [ of n type gallium-nitride system compound semiconductor layer of the above 
second ] 1 micrometer or less much more. 

[Claim 3] The crystal-growth method of n type gallium-nitride system compound semiconductor according to claim 1 or 2 
characterized by being the multilayer to which n type gallium-nitride system compound semiconductor layer of the above 
s cond carried out the laminating of the thin film of InaGal-aN (0< a<=1). AlbGa1-bN (0< b<=1), or AlbGa1-bN (0<=b<=1) 
from which composition differs. 

[Claim 4] The crystal-growth method of n type gallium-nitride system compound semiconductor characterized by growing 
up th aforementioned n type gallium-nitride system compound semiconductor layer by thickness 5 micrometers or more in 
th method of growing up the crystal of n type gallium-nitride system compound semiconductor (InXAIYGa1-X-YN, 0 <=X, 
0<=Y. X+Y<=1) into a substrate front face through direct or a buffer layer by the vapor growth. 



[Translation done.] 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the n type gallium-nitride system compound semiconductor (InXAIYGa1-X- 
YN, 0 <=X, 0<=Y. X+Y<=1, and following gallium-nitride system compound semiconductor are called nitride semiconductor.) 
crystal-growth method used for electron devices, such as light emitting diode and laser diode, and relates to the method of 
growing up the crystal of n type nitride semiconductor through direct or a buffer layer especially on a substrate. 
[0002] 

[Description of the Prior Art] the nitride semiconductor (InXAIYGa1-X — '-Y'N, 0<=X*. 0<=Y\ X' — +Y'<=1) attracts 
attention as a material of the laser diode which emits light blue and ultraviolet, and light emitting diode, and blue light 
emitting diode with a luminous intensity of 1 cd was just put in practical use with this material recently This blue light 
emitting diode has the structure where the laminating of the buffer layer 2 which becomes the front face of the substrate 1 
which consists of sapphire from GaN as shown in drawing 1 , n type layer 3 which consists of GaN, n type clad layer 4 
which consists of AIGaN, the barrier layer 5 which consists of InGaN, p type clad layer 6 which consists of AIGaN, and the p 
typ contact layer 7 which consists of GaN was carried out to order. 

[0003] Generally a nitride semiconductor device is obtained using vapor growths, such as the MOVPE (organic-metal 
gaseous-phase epitaxial) method, the MBE (molecular-beam epitaxial) method, and the HDVPE (hydride gaseous-phase 
epitaxial) method, by making a substrate front face carry out the laminating of the nitride semiconductor layer. Material, 
such as sapphire, ZnO and SiC, GaAs, and MgO, is used for a substrate. An n type nitride semiconductor (there are much n 
type GaN and n type AIGaN also especially InXAIYGa1-X-YN, 0 <=X, 0<=Y, X+Y<=1, and in it.) grows up to be the front face 
of a substrate through a buffer layer. Moreover, when using a substrate with near nitride semiconductor and lattice 
constant like SiC and ZnO, a buffer layer may not be formed but n type nitride semiconductor may grow up to be a 
substrate directly. Fundamentally, nitride semiconductor devices, such as a light emitting device and a photo detector, are 
produc d by growing up n type nitride semiconductor layer first on the surface of a substrate. 
[0004] For example, according to the MOVPE method, the ammonia gas by which a nitride semiconductor serves as 
organom tallic compound gas which serves as a source of Ga, a source of aluminum, and a source of In at material gas, and 
a source of N is used. By making the substrate front face which heated these material gas contact, material gas is 
d composed and a nitride semiconductor grows epitaxially on a substrate. GaN, AIN, GaAIN, etc. are usually chosen as a 
buffer layer, and it grows up to be it by the thickness of 1 0A - 0.1 micrometers with the temperature which is 300 degre s 
C - 900 degrees C. n type nitride semiconductor layer which grows on a buffer layer is 900 degrees C or more in 
temperature, and usually grows by thickness (1 micrometers or more and 4 micrometers or less). 
[0005] 

[Problem(s) to be Solved by the Invention] Since a nitride semiconductor does not have the substrate which carries out 
grid adjustment completely, it is known that it is the crystal which is very hard to grow epitaxially. Therefore, in the form r. 
it has grown epitaxially forcibly through the buffer layer which uses the substrate near the lattice constant of the nitride 
semiconductor which will be grown up, and to carry out like a SiC substrate, or eases grid mismatching. 
[0006] It is shown in drawing 2 , using as an example the type section view of the crystal of n type nitride semiconductor 
which gr w up to be the front face of the substrate which does not carry out grid adjustment. This is a journal. OBU 
Crystal It quotes from a growth {Jounal of Crystal Growth, 115 (1991), and P628-633}, n type GaN is grown epitaxially 
through the buffer layer which consists of AIN on the surface of silicon oh sapphire, the cross section is measured by 
transverse electromagnetic (transmission electron microscopy), and the structure of a crystal is typically shown from the 
transverse-electromagnetic image. If the buffer layer in which the stacking tendency is not ready is growing pillar-shaped 
on the substrate according to this drawing and GaN is grown epitaxially on the buffer layer, when the stacking tendency of 
GaN is ready gradually sure enough in a role [ like seed crystal ] a part of whose buffer layer of the is shows that the GaN 
layer to which crystallinity became good grows. 

[0007] However, it is difficult to grow up GaN which does not have a crystal defect completely, and from the interface of a 
buffer layer and a GaN layer, the crystal defect of a large number as shown in the dashed line of drawing. 2 is extended until 
it arriv s at a GaN layer front face. Although this defect has some which stop at the interior of a crystal, it is the front face 
which arrives at even a GaN layer front face, for example, there is 107-109-piece [/cm ] 2. In the light emitting diode 
element of drawing 1 , the same phenomenon has occurr d in the crystal of n type lay r 3 similarly. 
[0008] When many crystal defects are shown in the front face of n type nitride semiconductor layer which grew on the 
surface of the substrate, th defect is inherit d by all semiconductor layers, such as a clad layer, a barrier layer, etc. which 
grow up to be the front face of n type layer, and there is a problem of having a bad influence on the whole element 
structure. The element with many crystal defects has the fault of having a bad influence on element performances, such as 
a radiant power output and a life, when it is made into the above light emitting diod s, for xample. 

[0009] If it is very important to grow up n type crystal with few crystal defects and it can be realized in growing up n type 
nitride semiconductor layer first on the surface of a substrate, since crystal defects grown up after the n type crystal, such 
as a clad layer and a barrier layer, will decrease, the p rformance of all the elements that consist of a nitride 
semiconductor can be raised. Therefore, this invention is made in view of such a situation, and it aims at offering the 
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m thod of I ssening the lattice defect of th n type nitrid semiconductor lay r, and growing up it by vapor growths, such 
as MOVPE and the MBE method, in case n type nitride semiconductor layer is grown up into the front fac of the substrate 
which has not carried out grid adjustment complet ly. 
[0010] 

[Means for Solving the Problem] In the way the first mode of the method of this invention grows up the crystal of n type 
nitrid s miconductor (InXAIYGa1-X-YN, 0 <=X, 0<=Y, X+Y<=1) into a substrate front fac through dir ct or a buff r layer 
by the vapor growth It is characteriz d by growing up further the second nitrid s miconductor lay r (InaAlbGai-a-bN, 
0<=a, 0<=b, a+b<=1) from which the n type nitride semiconductor lay r and composition differ during th afor mention d n 
typ nitrid s miconductor layer growth abov at least. 

[001 1] Moreover, the second mode of the method of this invention is charact riz d by growing up th aforemention d n 
typ gallium-nitride system compound semiconductor layer by thickness at least 5 micrometers or more in the method of 
growing up the crystal of n type gallium-nitride system compound semiconductor (InXAIYGal -X-YN. 0 <=X, 0<=Y, X+Y<=1) 
into a substrate front face through direct or a buffer layer by the vapor growth. 
[0012] 

[Function] In the first mode, if the second nitride semiconductor layer from which composition differs is formed into n type 
nitride s miconductor layer, since the second nitride semiconductor will act as a buffer coat, i.e., a buffer layer, it is thought 
that a crystal defect can be eased by the buffer layer (in this specification, the second nitride semiconductor layer is called 
s cond buffer layer below). If it states in detail, when n type nitride semiconductor layer will grow on a substrate, since the 
mismatch of a substrate and a nitride semiconductor is large, it generates during a crystal of a crystal defect as shown in 
the dash d line of drawing 2 during growth. However, the crystal defect which n type nitride semiconductor layer follow d 
stops at the second buffer layer from which composition differs temporarily by making the second buffer layer from which n 
type nitride semiconductor layer which it is going to grow up, and composition differ intervene as an interlayer. Next, in 
cas n type nitride semiconductor is grown up into the front face of the second buffer layer, in order that the second buffer 
layer may carry out an operation like a substrate with few mismatches, it is guessed that the crystallinity of n type nitride 
semiconductor grown up on the second buffer layer becomes good. 

[001 3] The thing [ adjusting to the range of 0.001 micrometers or more and 0.1 micrometers or less ] is [ that what is 
n c ssary is just to form above further ] much more desirable [ the second buffer layer / neighboring thickness ] still more 
pr f rably 1 micrometer or less more than 10A (0.001 micrometers). When thinner than 0.001 micrometers, it is in the 
inclination it to become difficult to stop a crystal defect by the second buffer layer, about a crystal defect. Moreover, it is 
b cause it is in the inclination a new crystal defect becomes easy to generate from the second buffer layer when thicker 
than 1 micrometer. Much more thickness is dozens of A, and also let this second buffer layer be the multilayer which 
carried out the laminating of it more than two-layer again. 

[001 4] As for the second buffer layer, it is desirable that it is the multilayer which carried out the laminating of the thin film 

of InaGa1-aN (0< a<=1), AlbGa1-bN (0< b<=1). or AlbGal-bN (0<=b<=1) from which composition differs. 0.5 or less InaGal- 

aN or b value grows up [ value / a ] 0.5 or less AlbGa1-bN still more preferably. Because, with a nitride semiconductor, the 

abov 3 yuan mixed crystal of crystallinity is better than the semiconductor layer of 4 yuan mixed crystal. Since a 

crystalline good thing is -further obtained for the buffer layer which adjusted a value and b value of 3 yuan to the 

afor m ntioned range in InaGa1-aN of mixed crystal, and AlbGa1-bN also in it, the crystal defect of the second buffer layer 

d cr as s and the crystal defect of n type nitride semiconductor layer which grows on the second buffer layer decreases. 

Furthermore, if the second buffer layer is made into a multilayer, a crystal defect can be stopped very well, the most 

d sirabl combination — n type nitride semiconductor layer — n type GaN (a lattice defect has least GaN.) and the second 

buff r layer — n type — lnaGa1-aN (0< a<=0.5) — or n type — it is the multilayer (superlattice) which carried out the 

laminating of the thin film of AlbGal-bN (0< b<=0.5) or AlbGal-bN (0<=b<=1) from which composition differs 

[0015] Furthermore, the electronic carrier concentration of the second buffer layer is almost the same as that of n typ 

nitride semiconductor layer formed previously, or adjusting more greatly than it is desirable, drawing 3 — and — drawing 4 

— this invention — a method — obtaining — having had — n — type — a nitride — a semiconductor — a layer — three 

— " — a top — n — clad — a layer — four — ' — a barrier layer — five — ' — p — clad — a layer — six — ' — p — 
contact — a layer — seven — ' — a laminating — carrying out — being actual — a light emitting device — ****** — the 

— a light emitting device — structure — a cross section — drawing 3 has the second buffer layer 33 in a barrier-layer 5' 
side rath r than the etching side of n type layer for negative-electrode formation — receiving — drawing 4 — the second 
buff r layer 33 — an etching side — substrate 1' — it differs at the point formed in the side When a light emitting device 
as shown in drawing 3 is realized that is. for example, the position of the second buffer layer 33 If the electronic carrier 
cone ntration of the s econd buffer layer 33 is smaller than n type layer 3' when an element which is in the position near 

[ sid / tching / which should form a negative electrode J a~barrier-layer side is realized The electron supplied to p is 
prevent d from n by the second buffer layer, current stops being able to flow from n type layer easily to p layers, and the 
performance of an element becor nes bad. On the contrary, if the electronic carrier concentration of the seeond_J>ufferJayer 
33 is larg r than n type layer 3, since an electron will becom e easy to spread in the second buffer layer 33 uniformly, 
unif orm lumines cence can be obtained. On the other hand, although there is almost no influence in the property of a light 
emitting device "since current flows in n typ e layer 3" with large electronic carrier concentration even if the electronic 
carrier concentration of the sec ond buffer layer 33 is sm all in it being an element like drawjng.4 , when the electronic 
carri r concentration of the second buffer layer 33 is conv rs ly large, current becomes easy to flow to the direction of the 
second buffer lay r 33, and uniform luminesc nee is obtain d. Th refor , the I ctronic carrier concentration of the s cond 
buffer layer 33 is almost the same as that of n type nitride semiconductor lay r formed previously, or adjusting more greatly 
than it is desirable. 

[0016] Next, in the second mode of this invention, the crystal defect which arrives at a front face can be I ssened by 
growing up n type nitride semiconductor layer mor e thickly than 5 micrometers . In drawing 2 , that the dashed line has 
stopped at the middle of n type layer shows that the crystal def ct has stopp d on the way. When still more often inquired 
about the crystal defect which has stopped at this middle, n type nitride semiconductor layer newly found out that there 
was much what stops at about about 4 micrometers from a substrate. Th n, sine it is possible to stop the same material 
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gradually while growing up a crystal d f ct, if it is und r growth continuously, the crystal defect which arrives even at the 
front face of n layers can be less n d by growing up n lay rs by 5 m icrom t rs o r mor . In the second mode, still more 
desirable n type nitride semiconductor layer thicknes s js 7 microm ters or mor 

[0017] n type nitrid s miconductor (InXAIYGal -X-YN, 0 <=X, 0<=Y,1(+Y<=1) grown up on a substrate in the first mode of 
this invention, and the second mode — Y value — AI YGat-YN of the ra ng of 0<=Y<=0.5 — further — d sirable — 0.3 or 
less AIYGal-YN — GaN of Y= 0 is grown up most pref rably It is becaus there are f w crystal def cts than the nitride 
s miconductor of 4 yuan mix d crystal in the nitride s miconductor of 3 yuan mix d crystal as mention d above. 
Furthermore, n type nitride s miconductor first grown up on a substrate is because it is convenient wh n th direction of 
AIGaN with a band gap larger in case n type nitride semiconductor is used as electron d vices, such as a light mitting 
device and a photo detector, than small InGaN of a band gap, and GaN realizes t rrorism to a singl and realizes various 
structures, such as terrorism, to double. Also in it, especially AIGaN is in the inclination for a crystal defect to increase, and 
is in the inclination for GaN to be able to grow n type nitride semiconductor layer with few crystal defects, so that it makes 
aluminum contain. 

[0018] In the first mode of the method of this invention, and the second mode, although material, such as sapphire, GaAs, 
and Si. ZnO. SiC; can be used for a substrate, generally sapphire is used further again. Although it is desirable to grow up a 
buffer layer into a substrate when using sapphire as a substrate, even if he has no buffer layer, it can grow up depending on 
the field direction of silicon on sapphire, as [ measure / a lattice defect / by growing up a buffer layer preferably ] — it is 
smooth and the crystal of mirror-plane-like n type nitride semiconductor can be obtained Moreover, for using a nitride 
semiconductor as n type, it is in the state of a non dope, or it can realize by doping donor impurities, such as Si. germanium, 
and C, in a crystal growth. 
[0019] 

[Example] Hereafter, the method of this invention by the MOVPE method is explained in full detail. 
[Example 1] 

** Install the silicon on sapphire often washed first on the susceptor in a reaction container. Pouring hydrogen gas in a 
container, after carrying out evacuation of the inside of a container, a substrate is heated for about 20 minutes at 1 050 
d grees C, a surface oxide is removed, and a substrate is cleaned. The buffer layer which consists ofGajN_js_grown up by 
0.02-micrometer thickness, adjusting the temperature of a susceptor to 500 degrees C after that, and~passing ammonia gas 
on the surface of a substrate as TMG (trimethylgallium gas) and a source of N as a source of Ga in 500 degrees C. 
[0020] ** Next, pass TMG gas and SiH4 gas and grow up an Si dope n type GaN layer by 2-micrometer thickness, after 
stopping TMG gas and raising temperature to 1050 degrees C! ~ "'~ " — — 

[0021] ** Next, stop TMG gas and SiH4 gas and make temperature into 800 degrees C. If it becomes 800 degrees C. carrier 
gas will b changed to nitrogen, TMG gas, TMI (trimethylindium), and SiH4 gas are passed, and Si dope n mold InO.1 Ga0.9N 
lay r is grown up by 0101 -micrometer th ickness as the second buffer layer. 

[0022] ** After In0.1Ga0.9 N layer growth, temperature is again raised to 1050 degrees C, return carrier gas to hydrogen, 

pass TMG gas and SiH4 gas, and grow up an Si dope n type GaN laver by 2-micrometer thickness similarly. In addition, the 

carrier concentration of the second buffer layer and the carrier concentration of this n type GaN layer presupposed that it 

is almost the same. — j- 

[00^3TWherrtrre~substrate was taken out from the reaction container after growth, the front face of the n type GaN layer 

of the best layer was measured by transverse electromagnetic and the number of the crystal defects per unit area was °* f 

measured from the transverse-electromagnetic image, about 1x104 pieces /were [ cm ] 2. 

[0024] [Example 2] In the process of n type nitride semiconductor layer of ** and **, it considers as the structure which it 

is in 2-micrometer thickness, respectively, and Si dope n mold alum inum0.3Ga0.7N layer is grown up. and sandwiches the 

s cond buffer layer using TMG, TMA (trimethylaluminum,), and SiH4 gas, and also carries out like an example 1 . 

Consequ ntly, when measured similarly, the about 5x105 number /of the crystal defects which have arrived at the Si dope 

n type aluminum0.3Ga0.7 N layer front face was [ cm ] 2. In addition, Si dope n mold aluminum0.3Ga0.7N layer electronic 

carrier concentration presupposed that it is almost the same as that of the second buffer layer. 

[0025] An Si dope n type GaN layer is gro wn up by 1 -micromete r thickness like the process of n type nitride 

semiconductor layer of [example 3] **. Next. Si dope n molHTnOJ GaQ J3N layer is grown up by 50A thickness as the second 

buffer lay r like the process of the second buffer layer of **. Furthermore, similarly an Si dope n type GaN layer is grown 

up in ord r by 1 -micro meter thic kness like the process of n type nitride semiconductor layer of **. 

[0026] Furthermore, alter growing up Si dope n mold In0.1Ga0.9N layer once again by 50A thickness as the third buffer 

lay r like the process of ** on an Si dope n type GaN layer, an Si dope GaN layer is grown up into the last by 2-micrometer 

thickness like the process of **. That is, in the example 3, the laminating of 200A of GaN buffer layers. 1 micrometer of n 

type GaN layers, the 50A of the second buffer layer of Si dope n type InO.1GaO.9N. 1 micrometer of n type GaN layers, the 

50A of the third buffer layer of Si dope n type In0.1Ga0.9N. and the 2 micrometers of the n type GaN layers was carried 

out to order on the surface of silicon on sapphire. 

[0027] Consequently, the about 1x104 number /of the crystal defects which have arrived at the front face of the Si dope n 
type GaN layer of the last layer was [ cm ] 2. In addition, the electronic carrier concentration of the second buffer layer, 
the third buffer layer, and an Si dope n type GaN layer presupposed that it is almost the same. 

[0028] In the process of the second buffer layer of [example 4] **. do not change growth temperature, grow up Si dope n 
mold aluminum0.3Ga0.7N layer by 0.01 -micrometer thickness using TMG, TMA (trim thylaluminum), and SiH4 gas, and the 
second buffer layer is formed, and also it carri s out like an example 1. Consequently, when measured similarly, the about 
1x104 number /of the crystal defects which have arrived at the Si dope n type GaN layer front face was [ cm ] 2. In 
addition, the electronic carrier concentration of the second buffer layer presupposed that it is almost the same as that of 
an Si dope n typ GaN lay r. 

[0029] In the process of the s cond buffer layer of [example 5] **, growth temperature is not changed and Si dope n mold 
aluminumO.02GaO.98N layer is first grown u p by 30A thickne ss using TMG. TMA, and SiH4 gas. Next, TMA gas is stopped 
and an Si dope n t ype GaN layer is grown up by 30A thickness . And this operation is repeated 5 times, respectively and the 
multilayer which carried out the laminating of every five layers of 30A Si dope n mold aluminumO.02GaO.98N layers and 30A 
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n type GaN lay rs by turns, respectively is formed. The second buffer layer is form d as m ntion d above, and also it 
carri s out like an xample 1. Consequently, when the lattice def ct was measured similarly, th about 5x103 number /of 
the crystal defects which have arrived at the Si dope n type GaN layer front face was [ cm ] 2. In addition, the electronic 
carri r concentration of the multilayer which is th second buff r layer pr supposed that it is almost the same as that of an 
Si dope n type GaN layer. 

[0030] In the process of the [example 6] xample 2, Si dope n type aluminumO.1 GaGa0.9N is grown up by 0.01 -micrometer 
thickness as th s cond buffer layer, a nd also the Si dope n mold aluminum0.3Ga0.7N lay r was grown up similarly. 
Consequently, the number of the lattic defects which amounted to the n mold aluminum0.3Ga0.7N lay r on the front face 
of the maximum was about 1x105-/cm2. In addition, it was pr supposed that the electronic carri r cone ntration of this 
example is also almost the same. 

[0031] In the [example 1 of comparison] example 1 , when the second buffer layer was not grown up and the Si dope n type 
GaN lay r was continuously grown up by 4-micrometer__t hickness. the about 1x107 number /of the crystal defects which 
arrived at the front face of an n type GaN layer was [ cm ] 2. 

[0032] [Example 7] The example made into the structure of an actual light emitting device is shown. The following 
proc sses were added after the process of ** of an example 1. 

** After Si dope n type GaN layer growth, newly add TMA (trimethylaluminum) gas and, similarly grow up Si dope n mold 
aluminum0.2Ga0.8N layer by 0.1- micrometer thickne ss as an n clad layer at 1050 degrees C. 

[0033] ** TMG. TMA, ana £>iri4 gas are stopped after n clad layer growth, set temperature as 800 degrees C again, in 
addition to TMG, TMI, and SiH4 gas, pass DEZ (diethyl zinc), and grow up Si and Zn dope InO.05GaO.95N layer by 0.1- 
microm ter thickness as a barrier layer. 

[0034] ** Pass TMG, TMA. and Cp2Mg (magnesium cyclopentadienyl) gas, and grow up Mg dope p mold aluminum0.1Ga0.9N 
layer by 0.1-micrometer thickness as a p clad layer, after stopping TMG. TMI. SiH4. and DEZ gas after barrier-layer growth 
and making temperature into 1050 degrees C. 

[0035] ** Stop TMA gas after p type aluminum0.1Ga0.9 N layer growth, and, similarly grow up a Mg dope p type GaN layer 
by 0.3-micrometer thickness as a p contact layer at 1050 degrees C. 

[0036] ** The element obtained as mentioned above was etched, the n type GaN layer which grew up to be the degree of 
the s cond buffer layer was exposed, and the electrode was formed in p contact layer and the exposed Si dope n type GaN 
lay r. That is, it considered as the light emitting diode element of structure as shown in dxawjng_4 . Furthermore this 
element was attached in the leadframe and the mould was carried out by the resin. This light emitting diode was 450nm in 
Vf3.6V and luminescence wavelength in 20mA, and the luminous intensity of 3.0 cds and the radiant power output were 
3.5mW. 

[0037] Although this light emitting diode was 450nm in Vf3.6V and luminescence wavelength in 20mA when considered as 
the light emitting diode element of structure as performed the same process as an example 7 on the Si dope GaN layer 
grown up in the example 1 of the [example 2 of comparison] comparison and shown in drawing 1 , luminous intensity is 1.0 
cds and there were only 1.2mW radiant power outputs. 

[0038] Thus, according to the primary method of this invention, since n type layer with few crystal defects is obtained, 
crystal defects which carry out a laminating on it, such as a clad layer and a barrier layer, decrease. Especially the 
thickness of a barrier layer is very important for growing up the few crystal of a crystal defect with about 0.2 micrometers 
or less, since it is thin. Therefore, by having grown up the few crystal of a crystal defect, it has luminous intensity with a 
conv ntional luminous intensity of 1 cds or more, and the light emitting diode element excellent in the radiant power output 
can b r alized. 

[0039] An example concrete about the second mode of the below [example 8] this invention is shown. Since the technique 
grown up by MOVPE like [ this example ] a primary method is shown, there is no great difference in fundamental operation. 
** Grow up the buffer layer which consists of GaN on the surface of silicon on sapphire like the process of ** of an 

xample 1 by 0.02-rnicrometer thickness. 
[0040] ** Grow up an Si dope n type GaN layer by 10-micrometer thickness on a buffer layer like the process of ** of an 
example 1. 

[0041] When the substrate was taken out from the reaction container after growth, the n type GaN layer front face was 
measured by transverse electromagnetic and the number of the crystal defects per unit area was measured from the 
transverse-electromagnetic image, about 1x105 pieces /were [ cm ] 2. 

[0042] When thickness of a [example 9] Si dope n type GaN layer was set to 5 micrometers and also the crystal growth was 
performed like the example 5. the number of the crystal defects of an n type GaN layer front face was about 5x106. 
[0043] In the process of** of the [example 10] example 5, when the Si dope n mold aluminum0.3Ga0.7N layer was 
continuously grown up by the thickness of 10 micrometers like ** of an example 2 and also the crystal growth was 
perform d similarly, the about 3x106 number /of the crystal defects of an n type aluminum0.3Ga0.7 N layer front face was 
[ cm ] 2. 

[0044] When the laminating of n clad layer, a barrier layer, p clad layer, and the p contact layer was carried out and it 
consider d as light emitting diode similarly like the example 7 on the Si dope GaN layer obtained in the [example 11] 
example 5, the property was almost equivalent to the thing of an example 7. 
[0045] 

[Effect of the Invention] As explained above, according to the m thod of this invention, n typ nitride semiconductor layer 
with f w crystal defects can be grown up on the surface of a substrate. Therefore, the m thod of this invention is very 
useful, when carrying out the laminating of the f w crystal of a crystal defect and realizing lectron devices, such as a light 
emitting device and a photo d tector. for a nitride semiconductor without the substrate which carries out grid adjustment. 
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DESC RIPTION OF DRAWINGS 
[Bri f D scription of the Drawings] 

[Drawing 1] The type section view showing one structure of the conventional light emitting diode element. 

[Drawing 2] The type section view showing the structure of the crystal at the time of growing up an n type GaN layer 

through an AIN buffer layer on the surface of a substrate. 

[Drawing 3] The type section view showing one structure of a light emitting diode element of having n type nitride 
s miconductor layer obtained by the method of this invention. 

[Drawing 4] The type section view showing one structure of a light emitting diode element of having n type nitride 

s miconductor layer obtained by the method of this invention. 

[Description of Notations] 

1 1' ... Substrate 2, 2' ... Buffer layer 

3, 3*. 3" ... n mold nitride semiconductor layer 4, 4* ... n type clad layer 
5 5' ... Barrier-layer 6, 6* ... p clad layer 
7 7' ... p contact layer 

33 ... The second buffer layer (second nitride semiconductor layer) • 
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